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Abstract 
The pilot plant, erected in Nanjing, China, to demonstrate Amec Foster Wheeler’s VESTA methane production technology, was 
started-up in early July 2014.  The pilot plant was designed for a production capacity of 100 Nm3/h of SNG (Substitute Natural 
Gas) and includes all reactors and control system in order to completely demonstrate a real plant in addition to the verification of 
the chemical reactions.  
With VESTA technology, Amec Foster Wheeler could accommodate up to 2 billionNm3/year of SNG in a single train which is 
the standard commercial size plant for Chinese market. VESTA features the absence of the recycle compressor and the possibility 
to use low alloy steel, for all the reactors, instead of high alloy steel (or refractory walls). This will allow a substantial reduction 
in the investment cost and make the plant cost competitive. Additionally the VESTA process has great flexibility: it can handle 
syngas of a wide variety of compositions, coming from different sources.  
All these features make the VESTA process a very attractive option for the market and Amec Foster Wheeler is ready for its 
commercialization.  
In this article an overview of the VESTA technology and of the pilot plant’s status will be shown. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Scientific Committee of ATI 2014. 
Keywords: Pilot Plant; Gasification; SNG; Methanation. 
* Corresponding author. Tel.: +39 0244862132; fax: +39 0244863044. 
E-mail address: fabio.ruggeri@amecfw.com 
Available online at www.sciencedirect.com
© 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of ATI 2014
250   Letizia Romano and Fabio Ruggeri /  Energy Procedia  81 ( 2015 )  249 – 254 
Fig. 1. Block diagram for the SNG production standard process.
1. Introduction 
The need to satisfy the ever-increasing demand for natural gas (NG) has given a great boost to the research into 
new ways of natural gas production by exploiting coal resources. In many areas of the world, like China, domestic 
NG resources are not sufficient to meet domestic demand, while, on the contrary, plentiful and more evenly 
distributed coal reserves are available. The conversion of coal to Substitute Natural Gas, SNG, by coal gasification 
and subsequent methanation of the produced syngas provides an alternative energy option. When based on biomass, 
the process can help to reduce dependency on fossil fuels and help meet environmental targets. Furthermore, the 
SNG produced can be combusted in any conventional gas turbine to produce low carbon energy and it can be 
transported and distributed using the existing natural gas grid and infrastructure. 
The catalytic synthesis of methane from carbon monoxide or carbon dioxide and hydrogen is described by the 
following reactions: 
              
OHCHHCO 2423 +↔+ (1)
OHCHHCO 2422 24 +↔+ (2)
Even if CO2 methanation is less exothermic than CO methanation, both these reactions are strongly exothermic:  
in order to provide high methane yields low temperatures and high pressures are therefore required. 
Due to the very large amount of heat released during methanation, the primary issue to be faced in the design of a 
methanation process is the control of the reactors’ outlet temperature [1]. A critical aspect is also represented by the 
capability to recover the reaction heat extent into high temperature steam [2]. 
Standard methanation catalysts generally have to work in a reaction temperature range of 250-600°C, while 
properly stabilized catalysts can tolerate temperatures up to a maximum of 700° C.  
In order to moderate the exothermic methanation reaction temperature and avoid reaction runaway, several 
techniques can be employed: the recycling of products, the dilution of process gas with inert or steam, or the 
installation of isothermal reactors. The most common choice of standard technologies is the reacted gas recycle 
which has, as the main drawback, the need for a recycle compressor which complicates the scheme of the plant and 
represents a significant part of the investment cost and of the overall power consumption. 
A typical conceptual scheme of the standard methanation process is shown in Fig. 1. 
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2. The VESTA process  
In this field, Amec Foster Wheeler has developed a simple methanation process, called VESTA, using catalyst 
provided by Clariant, Amec Foster Wheeler’s partner in SNG technology. 
As well as in all methanation processes, syngas (mainly composed of CO and H2, but also H2O, CO2, CH4 and 
N2) must be purified before entering the methanation section, to remove organic contaminants (e.g. tar), inorganic 
contaminants (H2S, NH3...) and particulate matter. The purification step is defined according the impurities to be 
removed; particular attention has to be paid to the separation from syngas of sulphur (H2S or COS), the presence of 
which leads to the poisoning of the catalysts used in downstream processes [3]. In contrast, unlike competing 
technologies, in the VESTA process CO2 removal from syngas is not required; the CO2 can be left in the process 
gas, so that it may act as temperature moderator. The downstream CO2 separation is finally necessary only when, at 
the end of the methanation process, the CO2 is in excess. In particular, this may happen when the carbon content in 
the feedstock is greater than stoichiometric over hydrogen (Fig. 2). 
In the VESTA SNG process, sulphur-free syngas coming from the acid gas removal (AGR) unit is routed to a 
sweet shift reactor in which the high temperature water-gas shift reaction is accomplished on ShiftMax® 120 
catalyst beds (3): 
222 HCOOHCO +↔+ (3)
The stream leaving the shift reactor is sent to the methanation reactors where the reaction (4) takes place over 
Clariant’s SNG 5000 catalyst beds: 
OHCHHCO 2423 +↔+ (4)
This reaction is highly exothermic, therefore it is carried out across a series of reactors with interstage heat 
recovery. Reaction runaway conditions, in the methanation process, are the major concern.  
In the VESTA process this risk is avoided thanks to the presence of CO2 that acts as a thermal flywheel and 
moderates temperatures. This is one of the reasons why Amec Foster Wheeler chose to remove the CO2 downstream 
of the methanation section rather than upstream. This strategy eliminates the need for reaction gas recycle and its 
associated compressor and costs. 
2.1. Process description  
Conceptual scheme of the VESTA process is represented in Fig. 2. 
Fig. 2. Conceptual scheme of the VESTA process
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The sulphur-free syngas resulting from the AGR unit is routed to the methanation section, in a once-through 
operation with no gas recycle; the system consists of a shift reactor followed by two or three methanation reactors in 
series. The final number of methanators is optimized balancing CAPEX and OPEX and considering the provided 
syngas and the required SNG quality. After being cooled, the raw SNG coming from the third methanator can be 
sent to the CO2 removal section to improve the SNG quality and to make it suitable for natural gas grid 
specification. If required, the SNG composition can be refined adding a further methanation reactor. 
In the cooling of the reaction products, the heat is used for steam production. Thanks to the thermal integration 
the plant is not only thermally self-sufficient, producing the steam required for the process, but also allows an export 
of a significant amount of steam. Amec Foster Wheeler is able to design and optimize the integration system in 
order to satisfy the client’s needs: the production of medium or high-pressure (saturated or superheated) steam and 
low-pressure steam at the same time is possible. 
Amec Foster Wheeler has successfully developed a plant design with a very simple process scheme that leads to 
excellent performance both in terms of SNG product and in terms of steam exported. The plant performances were 
modelled with commercially available process simulators, with the reactor performances regressed on the basis of 
reserved laboratory data measured by Clariant. 
2.2. A flexible process 
The plant shown allows the production, in a single train, of 2 billionNm3/year of SNG (composition shown in 
Table 1), the standard commercial size plant for Chinese market. 
     Table 1. Composition of the SNG produced by the VESTA process. 
Gas Composition, mol %   
H2  0.10 
CO 0.00 
CO2 0.10 
H2O 0.00 
CH4 99.30 
N2 0.30 
Ar 0.20 
H2S + COS 0.00 
Notably, the plant allows an export of high and low pressure steam as quantified in Table 2. 
     Table 2. Typical exported steam production. 
Low Pressure 
Steam  
High Pressure 
Steam 
Temperature, °C Sat. Sat. 
Pressure, barg 3.5 90 
Mass Flow Rate, ton/h 150 294 
The most important feature of the VESTA process is its great flexibility: it can handle syngas of a variety of 
compositions coming from different sources such as coal, biomass, petroleum coke and solid waste. 
In particular, biomass offers very significant potential; it is renewable and a carbon-neutral fuel. The conversion 
of biomass to SNG via gasification and subsequent methanation of the produced syngas provides an alternative in 
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energy options, helps to reduce the dependency on fossil fuels and reduces greenhouse gas emissions. Several 
technologies are available and sufficiently mature for commercial application [4, 5, 6]; furthermore, typically small-
scale biomass gasification systems have an attractively low installed cost. Amec Foster Wheeler is strongly engaged 
in this Biomass to SNG field, being at the same time a leader in biomass gasification, thanks to its own circulating 
fluidized-bed boilers, and being the licensor of the innovative VESTA process. 
The VESTA process technology is also a possible solution for refineries where coke disposal is a problem or for 
refineries that do not use delayed coking units because they are concerned about coke disposal. The petcoke [7] can 
be gasified to produce SNG, which can finally be used for internal refinery consumption or distributed outside 
refinery fence. 
2.3. Pilot plant 
To demonstrate their VESTA methanation technology, Amec Foster Wheeler and Clariant erected a pilot plant in 
Nanjing, China, that has been in operation since the beginning of July 2014. 
The pilot plant was designed for a production capacity of 100 Nm3/h of SNG and includes all reactors and control 
system in order to completely demonstrate a real plant in addition to the verification of the chemical reactions. 
Although the VESTA process has not yet obtained commercial references, nevertheless the technology is based only 
on well-proven equipment (fixed bed reactors, shell and tubes exchangers…) and the catalyst, a nickel-based 
catalyst, has already been extensively tested by Clariant. Clariant has significant experience with the production of 
many commercial nickel-based catalysts and is the leading supplier for many of these applications. The methanation 
catalyst used in the VESTA process is a newly developed catalyst and exclusively available for the Amec Foster 
Wheeler /Clariant VESTA cooperation and its customers. The chemistry of this catalyst has been optimized to meet 
the high quality standards demanded by the new application. 
The plant was started-up in early July 2014, 100% of SNG production, according to Chinese natural gas grid 
specification, was reached, and the plant as well as the catalyst performance have been perfectly in line with 
expectations. 
Fig. 3. Pilot plant’s methanation reactors.
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3. Conclusion 
Amec Foster Wheeler is able to accommodate up to 2 billionNm3/year of SNG with a single train, without the 
need for a recycle compressor and the high capital cost and electrical power consumption associated with this 
equipment.  
 The main advantages of the VESTA process in capital expenditure terms are related to the absence of a recycle 
compressor and to the utilization of low alloy steel for all the reactors, instead of high alloy steel (or refractory 
walls). These elements are required by competing technologies. The low alloy steel is a suitable choice for VESTA 
reactors because the milder temperature conditions, compared to the standard processes, and due to the absence of 
the risk of metal dusting, thanks to the properly selected operating conditions which also enable negligible coke 
formation [5, 7]. 
All these characteristics allow a substantial reduction in the investment cost and make the plant cost-competitive.  
However, the process is made unique by an even more important feature; the process is designed to be 
intrinsically safe, because runaway reactions cannot occur. 
These features make the VESTA process a very attractive option for the market and Amec Foster Wheeler is 
ready for its commercialization. 
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